sex steroid concentrations and fur growth patterns were determined for pubescent and adult mink of both sexes, at 1-tc~ 8-week intervals, between July and the following June. Plasma estradiol concentrations and weights (mg/kg) of ovaries, oviducts and uteri decreased slightly in both pubescent and adult females during the first half of anestrus (July to October), then increased slowly throughout the second half of anestrus (October to December). During proestrus (January to February) plasma estradiol concentrations and oviduct weights reached maximum values. During estrus (late February to March) ovarian weights were maximal prior to mating-induced ovulations (before March 11) and subsequently reduced, whereas uteriffe weights continued to increase until implantation (April 8). During estrus, plasma estradiol concentrations prior to mating were reduced (P<.05) from previous peak concentrations and were reduced further following mating. Estradiol remained low throughout pregnancy and lactation. Plasma progesterone remained at or near non-detectable concentrations throughout anestrus, proestrus and estrus, increased slightly (P<.05) on 1Present address: Department of Animal Science, Cornell University, Ithaca. 2Present address: Department of Physiology and Physical Biology, New York State College of Veterinary Medicine, Cornell University, Ithaca. aPresent address: U. S. Sheep and Fur Animal Experiment Station, SEA, Cornell University, Ithaca.
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March 18 and was maximal on April 8 during initiation of implantation. Progesterone then decreased continually and reached near-basal concentrations following parturitions (May 4 to 11). These data suggest the possibility that sexual receptivity in mink may be a response to declining estrogen and that the changing photoperiod during the vernal equinox may be an environmental trigger for initiation of luteal function and termination of the embryonic diapause.
Winter fur growth development was complete by November 10 in all animals and was not affected by ovariectomy of females during anestrus.
Plasma androgen concentrations in males were low from July to September and increased during October and November prior to the first observed increase in testis volume in December. Androgen concentrations were maximal in January and declined continually thereafter. Concentrations decreased prior to, during and following the breeding season. In contrast, testis volumes increased to maximal values on March 3 at the time of initial breedings and declined slowly thereafter. The slow decline in plasma androgen prior to matings and the sharp declines following matings suggest the possibility that androgen withdrawl may induce male sexual activity and that mating itself may further suppress androgen secretion. (Key Words: Mink, Reproduction, Estradiol,
INTRODUCTION
Gonadal function and fur growth patterns of mink (Mustela vison) are influenced by changes in daily photoperiod occurring throughout the year in the Northern temperate zone in which the population is naturally distributed. Numerous attempts to alter reproductive and fur growth cycles by the use of altered photoperiods have had !imited success (Bissonnette and Wilson, 1939; Holcomb et aL, 1962; Venge, 1966; . If further 578 JOURNAL OF ANIMAL SCIENCE, Vol. 48, No. 3 (1979) attempts are to be successful additional information regarding the physiology of the normal cycle is needed. Furthermore, mink experience an embryonic diapause which is terminated by a maternal endocrine adjustment triggered by the external environment. Therefore, mink provide an interesting experimental model for studying the maternal hormone milieu needed for embryo implantation and additional data on the annual reproductive cycle of this species would aid in developing this model.
Various aspects of the annual reproductive cycle of mink have been reported and reviewed in detail by others (Hansson, 1947; Enders, 1952; Asdell, 1964; Onstad, 1967; Venge, 1974) . Mink are induced ovulators. In the Northern hemisphere under normal farm management they are mated, initially once or on two successive days and then again after an interval of 7 to 10 days, during March (Venge, 1974) . Kits are born about the first week in May, approximately 28 days after implantation. Throughout 6 to 8 weeks of lactation and subsequent 5 to 6 months of apparent ovarian quiescence (anestrus) there are no externally visible morphological or behavioral manifestations of reproductive activity. Following the winter solstice and throughout the month of January females may exhibit some vulval swelling but will not mate (proestrus) and males experience moderate testes growth (Travis et al., 1978; Onstad, 1967) . The breeding season is the 3-to 4-week period around the time of the vernal equinox (March 21)throughout which most females appear to be constantly sexually receptive (estrus) and exhibit maximal vulval swelling, tn mink mated early in the season, another wave of mature follicles may be ovulated in response to a second mating 6 to 8 days after the first (Hansson, 1947) .
In the present paper we report changes in male and female plasma sex steroid concentrations and reproductive organ development during a 12-month period.
MATERIALS AND METHODS
Brown-eyed pastel mink were born, raised and maintained in outdoor pens using standard mink farming procedures at the U. S. Sheep and Fur Animal Experiment Station at Cornell University, Ithaca, NY as previously described (Travis and Schaible, 1959) . All mink were fed a standard wet ration as previously described (Martin et aL, 1977) . In July 1974 a 12-month study was initiated. At the start of the study females included 105 prepubertal 8-week-old kits and 100 parous 1-to 4-year-old adults, while males included 20 prepubertal 8-week-old kits and 15 adults 1 to 3 years of age. On July 1, prepubertal females weighed 495 to 690 g; prepubertal males were 550 to 850 g; adult females were 700 to 1,200 g; adult males were 1,540 to 2,055 grams.
Throughout the 12 months of study (see figures 1 and 2), at 1-to 8-week intervals, paired oviducts, paired ovaries and uteri were removed from each of five kit and five adult females, trimmed and weighed. During the same 12 months plasma samples were collected every 2 to 8 weeks from five mink of each age and sex. Blood was collected by jugular venipuncture following sodium pentobarbital anesthesia (30 mg/kg I.P.). At 2-to 4-week intervals, development of the winter fur coat (August to February) and the summer fur coat (April to June) by 50 to 160 animals was scored on a scale of 0 to 20 as described by Bassett and Llewellyn (1949) . Fur development of an additional 30 females, ovariohysterectomized between July and September, was also scored. From October to March, at 1-to 4-week intervals, the testis volume of each male was measured by the method of and vulval swelling of 20 to 76 females was scored on a scale of 0 to 3 (Travis et aL, 1978) . Data obtained after March 9 were from mink that mated one or more times during a 2-to 8-day period between March 1 and March 17. Data obtained prior to March 9 were from unmated mink. Plasma collected from females was assayed for estradiol and progesterone and samples collected from males was assayed for androgen.
Estradiol was extracted from plasma by the method of Pattison et al, (1974) and purified by the method of Hixon et al. (1974) . In brief, duplicate 1.0 ml aliquots of each sample were extracted twice with 5.0 ml diethyl ether, eluted on Sephadex LH-20 columns with benzene: ethyl acetate: methanol (95: 5:5) and aliquots removed for radioimmunoassay and estimation of recovery. This resulted in a 83 + .6% mean recovery of [2, 4, 6, 7] -H 3 estradiol-173 previously equilibrated with mink plasma. Dried extracts and standards were assayed by the method of Echternkamp and Hansel (1973) , as modified by Concannon et al. (1975) . Mean recovery of estradiol-173 previously equilibrated with mink plasma (160 pg/ml) was 95 + 2.6% (n = 8). Mean within and between assay coefficients of variation, based on two plasma pools (26 • 2 and 70 + 6 pg/ml), were 13.6 and 21.2%, respectively.
Plasma progesterone was extracted and radioimmunoassayed as previously described (Concannon et al., 1977) . Extraction efficiency for [1,2]-H 3 progesterone previously equilibrated with mink plasma was 90 + .4%. Mean recovery of progesterone (2 and 6 ng/ml) added to plasma from an ovarectomized mink was 106 + 3% (n=8). Mean within and between assay coefficients of variation were 9.4 and 16.8%, respectively.
Plasma androgen was assayed in duplicate.3 ml aliquots of each sample, extracted twice with 4.0 ml anhydrous ether. Extracts were assayed using the procedures, reagents and antiserum against testosterone described by Shemesh et al. (1975) . The testosterone antiserum (S -741 No. 2) crossreacts with 5 0+-dihydrotestosterone (Abraham et al., 1977) and results are thus reported as androgen. Extraction efficiency for [1,2] -H 3 testosterone previously equilibrated with mink plasma was 90 -+ .3%. Mean recovery of testosterone (5 and 10 ng/ml) added to mink plasma was 101 + 3% (n=8). Mean within and between assay coefficients of variation were 9.0 and 13.3%, respectively.
Results for hormone concentrations and organ weights were subjected to analysis of variance (Steel and Torrie, 1960) . Vulval swelling, testis volume and fur development were subjected to computer analysis of variance (Henderson, 1959) using unweighted means because of unequal subgroup sizes. Hormone concentrations and organ development for kits and adults of the same sex were pooled when no differences due to age were observed. All means are presented as mean -+ standard error (SEM). Significant differences were determined by Duncan's New Multiple Range test or Students' t-test (Steel and Torrie, 1960) .
RESULTS
Ovarian weights at the start of study were 215 + 46 mg in adult mink and 104 + 6 mg in prepubertal kits. Between July and August ovarian weights of adults decreased to 157 -+ 15 mg and remained low until onset of the breeding season in early March. Ovarian weights of kits remained unchanged from July through October, although when expressed as a percentage of the increasing body weight a slow decline in relative ovarian weight similar to that in the adult during the same time period was obtained ( figure 1A ). Between October 9 and February 18 ovarian weights of kits increased from 112 + 19 mg to 168 -+ 13 milligrams. This ovarian weight increase parralleled increases in mean body weights yielding no obvious increase in relative ovarian weight ( figure 1A) . Between February 18 and March 3 to 8, prior to breeding, ovarian weights in relation to body size increased from 165 + 21 to 342 + 28 mg/kg in adults, and from 173 -+ 11 to 249 -+ 51 mg/kg in kits. In adults ovarian weights declined during pregnancy, from 285 -+ 17 mg/kg on April 22 to a nadir of 204 + 10 mg/kg on May 8 prior to parturition. A similar pattern was not as obvious in weights recorded for kit mink ( figure 1A) .
Oviduct weights for kit and adult mink are in figure lB. Oviduct weights of adults declined from 84 -+ 9 mg/kg on July 2 to a nadir of 51 + 4 mg/kg on October 9. Oviduct weights then increased, were maximal (272 + 15 mg/kg) on February 18 and subsequently declined throughout gestation. Mean relative oviduct weights in kits were similar to those in adults, but maximum weights (251 +-20 mg/kg) were observed 2 weeks later on March 3 ( figure 1B) .
During the period of study there were no significant differences in either relative uterine weights or vulval swelling stages between kit and adult mink. Mean uterine weights ( figure  1C ) were low from July 2 through November 13 and steadily increased after November 27 (133 -+ 7 mg/kg) to reach 598 + 42 mg/kg on March 3 to 8 prior to breeding. Following matings mean uterine weights were further increased to 891 -+ 154 mg/kg on April 8 in seven mink sacrificed prior to appearance of visible implantation sites ( figure 1C ). The uteri of three other females sacrificed on April 8 and of all females sacrificed on April 22 or on May 7 or 8 contained implanted embryos or fetuses and at those times the combined utero-fetal weights were 5.6 + 3.7, 13.3 + 6.4 and 80.6 + 4.6 g/kg, respectively.
On September 4 none of the mink showed any signs of vulval swelling ( figure 1C ). Between October 1 and January 3 a slight indication of vulval swelling (stage 1) was observed in 20 to 60% of the animals checked at various intervals. By February 3, all mink had shown stage 1 vulval swelling and 54% had exhibited stage 2 swelling, with a mean of 1.6 + .2. On March 3 prior to breeding, 93% of the females exhibited stage 2 or 3 vulval swelling and the mean was 2.2 + .3. Mean vulva swelling was maximal (2.5 -+ .1) on March 9 while matings were taking place and fell continuously thereafter.
Mean estradiol and progesterone concentrations are in figure 1D . There were no differences between adults and kits in the mean of either hormone at times samples were collected. Between July 2 and December 10 mean estradiol was elevated and ranged from 54 + 9 to 67 + 4 pg/ml with an average of 63 -+ 2 pg/ml. Estradiol then increased to reach a maximum of 96 + 25 pg/ml on January 22. Between February 18 and March 5 mean estradiol decreased (P<.05) from 87 + 17 to 50 + 11 pg/ml in mink samples prior to mating. Following matings mean estradiol further declined (P<.05) to 17 + 8 pg/ml and remained at or below that level throughout gestation and lactation ( figure 1D ).
Throughout anestrous and prior to mating mean plasma progesterone (ng/ml) was low (.9 + .2), decreased from 1.6 -+ .2 in July to .5 + .1 in February and remained within those levels with the exception of a small increase (P<.05) to 2.0 + .3 on November 26. Progesterone (ng/ml) increased (P<.05) from .6 -+ .1 on March 3 prior to mating, to 2.6 + .4 on March 18 following matings on March 7 to 11. Progesterone (ng/ml) peaked at 25.5 + 6.6 on April 8, declined to 12.8 -+ 1.9 on May 6 prior to parturition and was reduced to 1.9 + .2 in mink sampled post-partum on May 21 ( figure 1D ).
Mean testes volume and androgen concentrations in male mink are shown in figure 2A . There were no differences in either parameter between adults and kits. Mean plasma androgen (ng/ml) was low from July to September (.9 + .1 to 1.2 -+ .1), increased slowly through January 8 (15.3 -+ 3.0) and then increased sharply reaching peak levels of 33.0 + 6.7 on January 22. Androgen (ng/ml) then declined slowly to reach 22.1 + 5.1 on March 3 in samples 9 collected prior to initial matings. Following matings plasma androgens (ng/ml) were further depressed to 6.0-+ 1.0 onMarch 18 and remained at or below that level thereafter.
Mean testis volume increased from 12 + 2 mm 3 on September 3 to 49 -+ 6 mm s on December 5, increased further to 410 + 54 mm 3 on February 3 and peaked at 1425 + 147 mm 3 on March 3. Testis volumes were subsequently reduced to 511 + 24 mm 3 on April 8 and decreased continuously thereafter.
Ten of 11 adult and 15 of 18 pubertal females not sacrificed prior to May 20 whelped litters. The mean date of first mating was March 9 -+ .6 days for kit females and March 10 -+ .7 days for adults. The mean dates of parturition were May 11 +-1.7 days and May 4 -+ 1.2 days for kit and adults, respectively. The time for first breeding to parturition was longer (P<.05) for pubertal (61.8 -+ 1.5 days) than for adult mink (56.2 -+ 1.8 days). Mean litter size was smaller (P<.02) for pubertal mink than for adults (3.87 -+ .6 vs 5.3 -+ .9 kits/litter).
Mean fur growth stages associated with development of winter pelage (stage 20) between August and February and with development of summer pelage (stage 10) from April through June are shown in figure 2B . There were no differences between kits or adults or between males or females in the pattern of fur growth or in the date at which the prime winter coat (stage 20) was developed (November 10 -+ .8 days). Fur growth patterns similar to those of intact mink were observed for 30 females ovariohysterectomized between July 3 and September 11.
Discussion
Changes in weights of individual reproductive tract organs during the annual reproductive cycle of mink appear not to have been studied in detail previously. Paired ovarian weights recorded in March for adult mink averaged 139 + 18 mg, considerably less than the 600 mg value reported for adult mink ovaries by Enders (1952) . The latter report indicated that ovarian weights were obtained after fixation and storage in alcohol and did not indicate whether or not ovarian weights may have included those for circumovarian tissue as well.
The finding of larger ovaries in anestrous adult mink than in prepubertal mink agrees with the comment of Venge (1974) that ovaries of anestrous adults are larger than those of prepubertal mink. The approximate doubling in ovarian weights shortly prior to breeding appears to correspond to the 11% increase in ovarian histological section surface area observed at estrus by Hansson (1947) . Decreased ovarian weights in adults between April 22 and May 8, prior to whelping ( figure 1A ), may represent a late pregnancy reduction in luteal function since plasma progesterone decreased continuously throughout late pregnancy and was low following parturition ( figure 1D ).
There were striking parallels between adult and kit reproductive organ weight changes, including decreases in ovarian, oviduct and uterine weights (in relation to body size) from July to November and the subsequent increase in oviduct weights from November through the onset of breeding in March. This suggests the possibility that the onset of proestrus in the adult and the onset of puberty in kits may be induced by similar mechanisms. While plasma estradiol appeared to increase throughout late anestrus and proestrus it is not clear whether increases in oviduct and uterine weights prior to breeding are dependent on estrogen stimulation alone. Whether the slight but significant increase in basal progesterone concentrations late in November plays a role in onset of puberty or proestrus remains to be determined. Lower ovarian and oviduct weights in pubertal kits, as compared to those in adults, both before and after mating, may reflect reduced follicular development and reduced numbers of ovulations in kits. That pubertal mink may tend to have fewer ovulating follicles than do mature adults is suggested by the smaller litter sizes for pubertal mink in the present study and in the study reported by Venge (1974) . However, no definite conclusion can be justified since mature adults represent a population from which females producing small or inferior litters tend to be culled and pelted.
We have previously reported a decline in plasma estradiol observed prior to breeding in mink (Travis et al., 1978) . The extent to which a decrease in plasma estradiol prior to mating represents a mechanism for the activation of sexual receptivity and for the stimulation of a further increase in vulvar swelling is unclear. Studies on sexual receptivity of female dogs have suggested the possibility that increased estrogen potentiates sexual receptivity but that the actual manifestation of estrous behavior may be triggered by estrogen withdrawl (Concannon et ul., 1977) . The further reduction in estradiol following mating suggests that gonadotrophin release and ovulation causes a reduction in ovarian estradiol secretion.
The present results indicate that plasma estradiol concentrations remain low throughout pregnancy and lactation. Maintenance of pregnancy in mink may be dependent upon a continued suppression of estrogen secretion. Estrone or estradiol benzoate in combination with progesterone have been reported to interfere with implantation and the maintenance of pregnancy when given during the first half of gestation (Cochrane and Shackelford, 1962) . Oral administration of diethylstilbesterol during late pregnancy caused reabsorption of litters (Travis and Schaible, 1962) . Addition of another synthetic estrogen (dienestrol diacetate) to the ration of female mink prior to and throughout the breeding and whelping seasons severely reduced numbers of pregnancies and numbers of offspring (Duby and Travis, 1971) .
With the exception of our earlier report on declining estradiol levels at the onset of the breeding season, profiles of plasma concentrations of estrogen in mink have not been previously reported. Peak plasma estradiol concentrations were similar to those reported for cats and dogs and the decline in estradiol following mating was similar to that following induced ovulation in cats and following spontaneous ovulation in the bitch (Verhage et al., 1976; Concannon et al., 1975) . Information on estrogen in other species of the family Mustelidae is limited. Heap and Hammond (1974) reported that estorgen is low or undetectable during pregnancy in ferrets.
It is difficult to interpret elevated estradiol concentrations throughout anestrous in adult mink and throughout the prepubertal period during which samples were collected from kit mink. Increased estradiol concentrations following lactation and weaning in the year prior to breeding in adult mink contrast sharply with the extremely low estradiol levels throughout the subsequent lactation. It is possible that lactation suppresses ovarian estrogen secretion and that the latter increases rapidly following weaning.
Progesterone concentrations observed during pregnancy were similar to those reported by others M~bller, 1973; Murphy and Moger, 1977) . In agreement with those studies the present results suggest that progesterone increased rapidly prior to the time of implantation and increased progesterone is essential for implantation. However, the extent to which the early rapid increase in progesterone and the subsequent decline in progesterone may play active or separate roles in the initiation of implantation requires further study.
The decrease in progesterone associated with parturition is in agreement with similar observations by M~ller (1973) and Murphy and Moger (1977) and suggests the possibility that a prepartum luteolysis similar to that reported for the pregnant dog may also occur in mink.
The mechanism involved in the pre-implantation activation of luteal function and increased progesterone secretion is not known. Results of M~ller (1973) (1977) . Therefore, it is possible that increased progesterone secretion and subsequent implantation are a result of the changes in daily photoperiod associated with the vernal equinox. Increased testis volume between November and March, occurrence of peak testis volume on March 3 prior to breeding and the subsequent decrease in testis volume throughout and following the breeding season were similar to changes in testis weight and volume reported by Kostron and Kukla (1971) . Increased plasma androgen between September and February, presence of near peak concentrations during February and March, and the subsequent decline in androgens between early and late March when matings were taking place are in agreement with the patterns of plasma testosterone and androstenedione reported by Nieschlag and Bieniek (1975) . More frequent measurements in the present study demonstrate that androgen concentrations arc maximal in late January and slowly decline t~ior to mating activity in February and March. While the initial increase in testis volume occurred subsequent to increases in androgen concentrations, the secondary surge in testis volume during February occurred after androgen concentrations were no longer increasing and while they appeared to be slowly decreasing. The possibility exists that the failure of androgen concentrations to increase further or the subsequent slow decrease in concentrations may play a role in the onset of copulatory behavior and increased testis growth.
Changes in fur development in this study are in agreement with those reported by Bassett and Llewetlyn (1949) . Failure of ovariohysterectomy to alter the development of the prime winter coat (stage 20) indicates that ovarian hormone secretion is not required for such fur development.
Since the number of female mink studied through the time of expected parturition was limited, little can be concluded regarding reduced litter size and increased gestation length observed in pubertal as opposed to adult dams. Such differences have also been reported by Hansson (1947) , Enders (1952) and Venge (1973 Venge ( to 1974 .
